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FLAT PANEL LUMINAIRE HAVING EMBEDDED LIGHT GUIDES 

Cross Reference to Related Application 
[0001] This is a continuation of United States 
Patent Application No. 10/066,010, filed February 2, 
5 2 002, which is incorporated herein by reference. 

Background of the Invention 

[0002] This invention relates to flat panel 
luminaires having embedded light guides for controlled 
light extraction. More particularly, this invention 
10 relates to flat panel luminaires having embedded light 
guides of irregular tetrahedral shape. 

[0003] Numerous applications use optical fibers for 
illumination. A typical application involves multiple 
optical fibers or bundles to propagate light to an open 

15 end of the fiber. Other applications propagate light 
along the entire length of a light guide to extract 
light at intervals rather than provide light at only 
the terminal end of the fiber. Numerous approaches 
have been proposed to achieve such interval light 

2 0 extraction from optical light guides or fibers. 

However, each proposal has disadvantages that limit the 
application or render it impractical. 
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[0004] For example, a known light guide encloses a 

wave guide in a transparent sleeve or cladding that 
contains embedded light-reflecting particles or 
powders. The transparent sleeve or cladding has an 
5 index of refraction greater than the index of 

refraction of the wave guide. This higher index of 
refraction causes conversion of a light propagation 
mode to a cladding mode at the proximal end of the wave 
guide. This depletes beam intensity as the light 

10 traverses the full length of the guide. Furthermore, 
the suspension of particles or powders within the 
sleeve can cause excessive absorption of the light 
within the transmitting medium itself. To attempt to 
overcome the lack of light extraction control, 

15 discontinuities, such as cuts or air bubbles, which 

disperse the propagating light, are included at regular 
intervals. The introduction of these discontinuities 
at regular intervals along the core can be difficult to 
produce and may not allow for continuous light 

20 extraction. 

[0005] Another known type of light guide uses a 
light transmission element containing light diffusing 
layers or elements. The diffusing layers are convex or 
concave and are used to extract light at a specific 

2 5 wavelength. The light diffusing layers can be arranged 
such that all layers have increasing density (but 
constant thickness) toward the distal end of the 
transmitting medium. This light guide uses discrete 
diffusing elements without consideration of the 

30 quantitative light extraction capabilities of these 
elements . 

[00 0 6] In another known light guide, the number of 
light scattering elements increases toward the distal 
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end of the light conductor. The disadvantages of this 
and the previous light extraction device include 
discontinuity of the light sources and difficulty in 
correctly spacing and sizing the extraction elements to 
5 provide controlled light extraction from the light 

guide. Furthermore, the manufacturing and assembly of 
these devices is awkward and costly. 
[0007] Another known device also uses discrete 
elements to extract light from an optical fiber in 

10 conjunction with a light panel. This device uses 

angular recesses and does not provide means to control 
quantitatively the light extraction. The result is 
that illumination from the downstream recesses is 
progressively lower. 

15 [0008] Also known is the use of a "curve- linear" 

tapering of the cross-sectional area of a fiber optic, 
wherein the flattened surface is abraded or painted. 
The tapering of the fiber optic provides a way of 
illuminating perpendicularly to the face of the distal 

20 end of the fiber optic. Additionally, it is known to 
paint elongated triangular reflective stripes onto a 
plastic plate. This latter technique does not allow 
enough area for practical light emission for general 
illumination. The light injection end in both these 

25 known techniques does not provide enough distance for 
an even light flux and will result in the formation of 
bright spots at the injection end. 

[0009] In yet another known device, a matrix of dots 
is applied on a substantially transparent material. 
3 0 The dots have increased diameters as they lay distal to 
the light -injecting edge of a flat panel. This method 
is again limited by the actual area of reflectance. 
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[0010] In sum, known devices and methods generally 
include two dimensional light propagation over a flat 
panel in which light output is limited by the area of 
the reflective coating or treatment. 
5 [0011] In view of the foregoing, it would be 

desirable to provide a flat panel luminaire in which 
the limitations associated with emitting light along an 
entire length of a light guide are substantially, if 
not completely, overcome. 

10 Summary of the Invention 

[0012] It is an object of this invention to provide 
apparatus and methods for extracting light from an edge 
lit panel in a controlled and continuous manner as 
light traverses an optical transmitting medium. 

15 [0013] It is also an object of this invention to 

provide apparatus and methods for extracting light in a 
continuous manner at a predetermined rate as light 
traverses an optical transmitting medium. 
[0014] It is further an object of this invention to 

20 provide linear light sources having a predetermined 
relative luminosity as light traverses an optical 
transmitting medium. 

[0015] It is a still further object of this 
invention to provide apparatus and methods in which all 
25 received light is extracted along an optical 

transmitting medium or, alternatively, a residual 
portion is allowed to be emitted at a distal end of the 
transmitting medium. 

[0016] In accordance with the invention, a flat 
3 0 panel luminaire is provided that includes a 

light -emitting panel having a tapered light - inj ect ion 
area joined to a light -emitting zone. The 



- 5 - 



light-emitting zone is comprised of preferably highly 
transmissive plastic or glass in which irregular 
tetrahedrally- shaped grooves (i.e., light guides) are 
embedded. The grooves have a surface area on two sides 
5 that gradually increase from the edge of the 
light-injection area to the distal end of the 
light-emitting zone. The amount of the light emitted 
is determined by the surface area and reflectance of 
the grooves . 

10 [0017] The luminaire of the invention also includes 
a light source, which can be remote, and an optical 
light pipe transporting light flux from the light 
source to the light -emitting panel. 

[0018] The luminaire of the invention advantageously 
15 provides continuous light extracted from the light 

guides in a controlled manner. The luminaire of the 
invention can advantageously replace fluorescent and 
other types of luminaires whose applications may be 
limited by space restrictions, heat production, 

2 0 maintenance requirements, or other limitations 

associated with common light sources. 

[0019] Methods of illumination in accordance with 

the invention are also provided. 

Brief Description of the Drawings 
25 [0020] The above and other objects and advantages of 
the invention will be apparent upon consideration of 
the following detailed description, taken in 
conjunction with the accompanying drawings, in which 
like reference characters refer to like parts 

3 0 throughout, and in which: 



[0021] FIG. 1 is simplified block diagram of a flat 
panel luminaire system in accordance with the 
invention; 

[0022] FIG. 2 is a simplified perspective view of a 
light-emitting panel in accordance with the invention; 

[0023] FIG. 3 is a simplified enlarged perspective 
view of a portion of a light -emitt ing panel in 
accordance with the invention; 

[0024] FIG. 4 is a simplified perspective view of an 
irregular tetrahedrally- shaped groove used to form an 
embedded light guide in accordance with the invention; 

[0025] FIG. 5 is a simplified lateral 
cross -sectional view of embedded tetrahedron light 
guides; 

[0026] FIG. 6 is a simplified lateral 
cross -sectional view of embedded tetrahedron light 
guides taken proximate the light -inj ection area; and 

[0027] FIG. 7 is a simplified lateral 
cross-sectional view of embedded tetrahedron light 
guides taken distal the light-injection area. 

Detailed Description of the Invention 
[0028] FIG. 1 shows a flat panel luminaire 
system 100 in accordance with invention. Luminaire 
system 100 includes a light source 101, multiple 
optical light pipes 102, and respective multiple 
light-emitting panels 103. Light source 101 generates 
a light flux, can be remote from the light-emitting 
panels 103, and can be any light source including, for 
example, a linear light source with a predetermined 
relative luminosity. Optical light pipes 102 transport 
light flux from light source 101 to an injection point 
on respective light panels 103. 
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The light-injection area should be of sufficient length 
to preserve the light source radiant flux density over 
the area from narrow end 2 05 to the proximal end of 
light -emitting zone 202. The light flux is evenly 
5 averaged and distributed across the proximal end of the 
light-emitting zone by total internal reflection. 
Additionally, the tapered light -injection area may be 
bent over a radius of 10 times one-half its thickness 
or greater. Once the light enters light -emitting 
10 zone 203 and embedded light guides 201, both reflection 
and refraction modes of light propagation occur. 
[0031] As shown in FIG . 2, light-emitting zone 202 
has at least one embedded irregular tetrahedrally- 
shaped light guide 201. Light guide 201 extends 
15 continuously from an end 206 proximate light-injection 
area 203 to a distal end 207 of light-emitting 
zone 202. The multiple embedded irregular tetrahedron 
light guides may be arranged in parallel with respect 
to each other, depending on the intended application. 
20 Light travels from light- inj ection area 203 to the 

proximal end of light-emitting zone 202, from which a 
portion of light propagates through base 2 04 and 
another portion propagates through light guides 2 01 in 
a direction generally towards distal end 207. Light is 
25 emitted from panel 2 00 in a direction transverse to the 
propagation direction such that an area exposed to the 
light -emitting panel is illuminated continuously along 
the length of the light-emitting zone. 

[0032] Referring to FIG. 3, light-emitting zone 302 
3 0 further comprises a room temperature vulcanized (RTV) 
silicone layer 3 08 and a mirror layer 309. Silicone 
layer 3 08 forms an interface with the plastic or glass 
layer 3 04, which has light guides 3 01 embedded in it. 
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example, space restrictions, maintenance access, heat 
generation, environmental temperatures, moisture 
sensitivity, explosive ignition and/or crush or 
explosion due to hypo- or hyperbaric pressures are an 
5 issue. Advantageously, the luminaire of the invention 
can be used in explosive or caustic atmospheres and is 
generally unaffected by environmental temperatures and 
pressures to the extent that the base materials are not 
affected. Moreover, if heat generated from the light 

10 source is an issue, the light source of the invention 
can be located such that generated heat can be 
discarded to lower air conditioning requirements or can 
be recycled to provide heat for other uses. 
[0041] Advantageously, controlled, continuous and 

15 uniform luminosity is provided by luminaires of the 
invention because the light guides provide less 
reflectance (via smaller surface areas) when received 
light flux intensity is greatest while providing 
greater reflectance (via larger surface areas) as the 

20 received light flux loses intensity. 

[0042] Thus it is seen that flat panel luminaires 
having embedded irregular tetrahedrally-shaped light 
guides are provided. One skilled in the art will 
appreciate that the invention can be practiced by other 

25 than the described embodiments, which are presented for 
purposes of illustration and not of limitation, and the 
invention is limited only by the claims which follow. 



